Abstract---
INTRODUCTION
HE conventional method of manufacturing a component has the following sequences namely soft machining, heat treatment, rough turning and fine grinding. In order to increase the flexibility and ability to manufacture complex geometry, hard turning was introduced where the necessity of grinding operation can be eliminated. In hard turning rough machining, final grinding can be eliminated and raw material is supplied in the final heat treated condition. Hard turning can seriously be regarded as an alternative for grinding Operations under certain circumstances. Generally hard turning requires large quantities of coolants and lubricants. The cost of procurement, storage and disposal of coolants and lubricants increases the total cost of production considerably. Conventional cutting fluid application fails to penetrate the chip-tool interface and thus cannot remove heat effectively.
Considering the high cost associated with the use of cutting fluids and projected costs when the stricter environmental laws are enforced, some alternatives has been sought to minimize or even avoid the use of cutting fluid in machining operations. Some of these alternatives are dry machining and machining with minimal fluid application. Dry machining is now of great interest and actually, they meet with success in the field of environmentally friendly manufacturing. However, they are sometimes less effective when higher machining efficiently, better surface finish quality and serve cutting conditions are required. In these situations, semi dry operations utilizing very small amounts of cutting lubricants are expected to become powerful tool, in fact, they already play a significant role in a number of practical applications. Minimal fluid application refers to the use of cutting fluids of only a minute amount typically of flow rate of 50 to 500 ml/hour. The concept of minimal fluid application sometimes referred to as near dry lubrication or micro lubrication.
According to the regulations of Occupational Safety and Health Administration (OSHA), the permissible exposure level (PEL) for mist within a plant is 5mg/m³ and is likely to be reduced to 0.5 mg/m³.By introducing the cutting fluid precisely at the cutting zone, better cutting performance can be achieved which will result in better surface finish, low cutting force and reduction of tool wear. In minimal fluid application, extremely small quantities of specially prepared cutting fluids are required and it almost resembles dry turning. In the case of minimal application, heat transfer is predominantly in the evaporative mode, which is more efficient than the convective heat transfer prevalent in conventional wet turning. The review of the literature suggests that minimal fluid application provides several benefits in machining. Present work deals with the comparative performance of CBN tool in machining hardened alloy steel in conventional dry turning and wet turning with minimum fluid application The positive effect of the use of fluids in metal cutting was first reported in 1894 by F.Taylor, who noticed that by applying large amounts of water in cutting area, the cutting speed could be increased up to 33 % without reducing tool life. Since then, cutting fluid effect has been studied resulting in an extensive range of products covering most work piece material and operations. However the costs associated mainly with fluid handling, recycling and disposal are leading to alternatives such as new tool material and coating which allows dry machining and application of small quantities of fluid as mist spray. N.R. Dhar and others [1] reported that the cutting performance of AISI 1060 by minimal quantity lubrication machining by vegetable oil is better than that of dry machining because minimal quantity lubrication provides the benefits mainly by reducing the cutting temperature, which improves the chip tool interaction and maintains sharpness of the cutting edges. The cutting forces are reduced by about 5% to15%.The minimal lubrication reduced the cutting zone temperature and favorable changes in the chip-tool and worktool interactions, which helped in reducing friction, built up edges formation, thermal distortion and wear of the cutting tool. P.S. Sreejith, B.K.A. Ngoi [2] explained dry machining as a option for machining without use of cutting fluids. B.Ramamoorthy [3, 6] reported the overall performance of the cutting tools during minimal cutting fluid application was found to be superior to that compared to dry turning and conventional wet turning on the basis of parameters such as cutting force, temperature and surface finish. The influence of operating parameters in minimal fluid application was evaluated and it was observed that cutting performance mainly depends on fluid application parameters such as pressure and delivery rate. Wuyi Chen [4] Cutting forces and surface finish generated using CBN tools have been evaluated when cutting steel hardened to 45~55 HRC and radial thrust force (Fy) became the largest among the three cutting force components and was most sensitive to the changes of cutting edge chamfer, tool nose radius and flank wear.E.O. Ezugwua, R.B. Da Silvaa, J. Bonneya, A .R. Machadob [5] conducted experiments using high pressure coolant supply for machining of Ti-6Al-4V alloy using CBN tool. R.F.Aliva,A.L.Abrao [7] the performance of three types of cutting fluids (two emulsions and one synthetic fluid) were compared to dry cutting when continuous turning hardened AISI 4340 steel (49 HRC) using mixed alumina inserts and parameters were evaluated are tool life, surface finish, tool wear mechanisms and chips form.Machado and Wall bank [8] reported that the application of cutting fluid as spray mist at rates of 200-300 ml/hr when turning medium carbon steel at low cutting speeds and high feed rates resulted in lower cutting and feed forces and superior surface finish compared to overhead flooding. Machining cost is another relevant aspect to be considered. According to Kress, the costs associated with the use of cutting fluids represent approximately 17.5% of the finished work piece cost against 4% spent with tooling. M. SokovicÂ, K. Mijanovica [9] [15] in this paper,application of response surface methodology is used for describing the performance of coated carbide tools when turning AISI 1045 steel.Present work deals with the performance evaluation of CBN tool in machining AISI4340 steel using minimal fluid application with parameters speed and feed, depth of cut. Catalogue of WIDIA-Kennametal [16] is used for selection of CBN insert for the hard turning process. Catalogue of Kistler dynamometer, K-type thermocouple, Mitutoyo talysurf [17] are necessary for set up of hard turning for experimentation.
III. EXPERIMENTAL DETAILS

A. Work Piece
The work piece material is hardened alloy steel 4340 with diameter 60mm and length 300mm.The size is selected from the review of other similar work and machine specifications available for experimental work.
B. Cutting Tool
CBN insert TNMA160404 Grade PB250 of Kennametal Widia is selected along with tool holder PTGNR/L2525M16 Fig.1 
TNMA Insert C. Machine
A high speed precision CNC Lathe (Jobber XL Make) having 7.5 HP electric motor and 5000 rpm was used for experimental work.
D. Cutting Fluid Application
The quantity of cutting fluid used in this method is very low (5 to 20ml/min), the cutting oil is available commercially in formulated form. The lubricator used in pneumatic system is adjusted to supply a jet of cutting fluid at 10ml/min and 20 ml/min at 6 bar pressure. The supply is directed at tool-work piece contact zone.
E. Process Parameters and their Levels
Based on the literature review the process parameters were chosen which are listed in following table. The parameters which directly affecting the hard turning process are cutting speed, feed, depth of cut and cutting fluid application. 
F. Response Variables
It is seen from the published literature that the machinability of hard turning process is evaluated in terms of cutting forces, surface roughness, cutting temperature, tool wear and tool life. Considering the practical constrains, cutting forces, surface roughness and cutting temperature were selected as a response variables to assess the machining performance in hard turning of alloy steel 4340.The performance can be evaluated and compared by measurement of surface finish using Mitutoyo surface tester, cutting temperature by K-type Thermocouple model-T505-8804 Hanna instruments and cutting forces using Kistler 3 axis Dynamometer
G Design of Experiment
During the experimentation, a large number of experiments have to carry out as the number of machining parameters increases. Taguchi's design of experiment involves proper selection of an orthogonal array to accommodate variables (input factors) and their interactions.
The experiments were conducted using standard L 18 ( 2   1   x3 7 ) Taguchi mixed orthogonal array. According to the array eighteen experiments were conducted as per selected orthogonal array. The depth of cut is two level factors while other factors have three levels hence mixed orthogonal array is selected. The experiments are conducted in random order with three replicates to reduce the effect of noise factors.
H. Experimental Procedure
It is represented with the help of flow chart. 
IV. ANALYSIS
Hard turning operation involves various input variables that include cutting speed, feed rate, and depth of cut and application of coolant. These variables have direct as well as indirect effect on the performance of hard turning process. The effect of coolant quantity can be expressed in terms of the performance variables such as cutting forces, surface finish and cutting temperature is observed and analyzed.
Based on the experimental work, the results were analyzed and it consists of the assessment of cutting force, cutting temperature and surface roughness components hard turning of alloy steel 4340. The analysis was performed in order to determine the effect of coolant quantity on the cutting force, cutting temperature and surface roughness component and Statistical analysis was performed using MINITAB software. The analyzed results were presented using ANOVA analysis and mean effects plots. Fig.3 shows almost all machining parameters show linear dependence on the variation in cutting force produced during hard turning. It is observed from main effect plot generated using MINITAB that cutting fluid environment has higher contribution to the variability of cutting forces over the other experimental factors. The main effect plot shows the range of cutting forces varies from 390 N to 250 N for the dry cutting to MQL cutting environment. There is considerable reduction in the cutting forces during MQL condition. From general linear model of ANOVA, F-value for cutting environment is 24.26(P<0.001) hence it is most significant parameter and next significant parameter is depth of cut which has F value is 16.29(P=0.002), In MQL method the cutting fluid is supplied at higher pressure 6 bar and high velocity, due to which better penetration of cutting fluid to the underside of the chip. This creates its passage to reduce the friction between tool and chip. The reduction of friction reduces the cutting forces, such condition is not possible in wet turning because there is no such fragmentation takes place as velocity and pressure in wet turning is less than MQL. Fig.4 shows main effect plot for cutting temperature. The effect of various parameters shows linear relationship. From general linear model of ANOVA, F-value for cutting environment is 64.11(P<0.001) hence it is most significant parameter. In MQL the cutting fluid particles can reach up to tool chip interface in the form of small drops. During wet turning, the heat is extracted only by convective heat transfer, but MQL facilitates both convective and evaporative heat transfer leads to lowering of cutting temperature. 
A. Analysis of Cutting Forces
B Analysis of Cutting Temperature
C Analysis of Surface Finish
Almost all machining parameters show linear dependence on the variation in Surface finish produced during hard turning. The surface finish obtained during MQL is better than dry and wet turning. During MQL condition, fluid is correctly placed at the contact of the tool and the work piece. Hence the chips are easily removed and give better surface finish.
From the ANOVA table, the most significant parameter is environments. The value of F is 216.42(P<0.001) while the next significant parameter is feed. The surface finish depends upon the feed rate of the tool with respect to work piece and the supply of cutting fluid. As depth of cut increases the poor surface finish occurs. 
V. CONCLUSION
From the experimental investigations in hard turning of hardened alloy steel AISI 4340 based on Taguchi's method and the analysis of response variables, the following conclusions are drawn -1) It is observed that the cutting force in hard turning of hardened AISI 4340 is less as compared to dry and wet turning. There is 40% decrease in cutting forces during MQL. While for wet flood condition it was about 26% more than MQL and 19% less than dry condition.
2) It is observed that the cutting temperature in hard turning of hardened AISI 4340 is less as compared to dry and wet turning. It gives 36 % decrease in cutting temperature. The MQL shows lower range of temperature which helps to improve tool life.
3)It is observed that the surface finish in hard turning of hardened AISI 4340 is better as compared to dry and wet turning. There is 30% improvement in surface finish using MQL.
